
EE 311 Homework 4 – Interconnects 
 

Assigned: May 18th 2006 
Due: May 26th 2006 

 
Problem 1: 80 pts 
In this problem, we will examine the factors affecting performance of interconnects. Let 
us consider the 0.18um technology node. Cu damascene process was employed at this 
node, which had 6 metal layers. The table below gives the dimensions of the metal lines 
at various levels. Assume an ILD thickness of 0.5um. 
 
0.18 µm tech Local Semi-global global 
Width in µm 0.27 0.36 0.72 
Spacing in µm 0.18 0.36 0.72 
Height in µm 0.378 0.720 1.584 
Resistance Ω/mm 258 96 20 
 

a) In a general case, find an expression for the capacitance per unit length for a wire 
with width W and height H. Also, assuming that the wire is driven by a transistor, 
derive an expression for the delay in the wire. (10 pts) 

b) In the above case, calculate the Capacitance/unit length for the three levels, and 
calculate the delay/mm associated with the various levels. Assume the backend 
dielectric used was SiO2. Also assume that the FO1 for this technology is 50ps. 
(10 pts) 

c) Capacitive Coupling Noise:  Derive an expression for the cross-talk noise coupled 
on a line. Again use generic dimensions of W and H. What is the worst-case 
scenario?  Assuming a VDD swing of 1.5V on all lines calculate the maximum 
magnitude of the noise coupled for all three levels (10pts) 

d) Effect of low-k : Assume that you have replaced the intra-level SiO2 with 
fluorinated SiO2 with a k=3. What are its effects on delay and cross-talk for the 
three interconnect levels. (20 pts) 

e) Repeaters: Derive an expression to calculate the optimum length to place 
repeaters in the global lines? Why are repeaters used only in global lines and not 
at other interconnect levels? What are the implications of using repeaters?  
(30pts) 

 
Problem 2: 40 pts 
Please answer the following questions in a few sentences. Keep your answers concise and 
to the point. Long winding answers are discouraged. You may need to do some simple 
derivations. 
 

a) A microprocessor chip is being manufactured in a 90nm node technology. Total 
power consumption is 100W. Half the power consumption is attributed to 
interconnects and the other half to transistors. The same chip is redesigned in a 45 
nm node technology. For interconnect scaling there are 2 possible scenarios 



shown below: (1) scale metal width and spacing but keep constant height, (2) 
scale metal width, spacing and height. What will be the relative power 
consumption of interconnects vs. transistors for the 2 possible scenarios? Assume 
constant field scaling for transistor scaling and transistor behave ideally. (20pts) 

b) What will be the power consumption trend if you assume realistic transistor 
behavior, e.g., leakage? (10pts) 
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c) Ag has a lower resistivity than Cu. Can you use it at advanced technology nodes? 
(10pts) 

 
d) Please refer to the ITRS and predict what would happen to the following as we 

scale interconnects  (10pts) 
i. Resistance per unit length of wires 

ii. Capacitance per unit length of wires 
iii. Noise coupling per unit length  


